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Abstract

Limited research has investigated specific attentional sequelae following pediatric traumatic brain injury (TBI),

such as sustained, selective, and shifting attention, as well as speed of processing. Little is known about the pattern
of recovery of these skills or their interaction with ongoing development. The present study examined attentional
abilities at acute, 6-, 12-, and 24-month time points postinjury in a group of 71 children who had sustained a mild,
moderate, or severe TBI. Results indicated that children who sustained a severe TBI generally performed poorest,
but showed most recovery over time. The pattern of recovery was dependent on the attentional component being
measured. Specifically, deficits were most evident on more complex and timed tasks. While a number of areas
showed recovery over time, for some attentional components, difficulties persisted to 24 months postinjury.

(JINS 2005,11, 84-98.)
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INTRODUCTION icits in speed of processing and motor responses, with other-

ise intact attentional capacities (Brouwer et al., 1988;

Contemporary models describe attention as an integrate}aurray et al., 1992; Ponsford & Kinsella, 1992). These

system, both cognitively and physiologically, involving @ results have been extended to suggest that adults with TBI

ggglt?el\; ﬁfsiji?r;tel, gbgi_'rgggﬁé"’r‘tgdp(;ct)gggzegzga_:f;]eers”%xhibit fluctuating attention which further complicate diag-
’ N ’ ’ ) osis and treatment (Stuss et al., 1989).

models identify several components: (@)stained atten- While attentional and processing deficits following adult

tion, or vigilance_: the capa_city to mai_n_tain arousal and alert'TBI are reasonably well documented, this knowledge is not
_nefss, (%_)seleﬁ_tllvg atte_znthntTe abt'“tt)./ tol_jseledct;q:cgt:]et necessarily generalizable to children. Some authors argue
n O”t‘:a It('m V\tlhl € 'g.?f”tng |r:re evantts |tr_nu 'f’ an ( )l ﬂ' that children recover better from TBI, citing protective phys-
!B? a eg 'Og fta ity to Csangg a fe” lve focus in f";‘ X" jological factors including the flexibility of the child’s skull,
: 9] an a :p |ve.(;nang? pe(cej o proctessm?; ONeN  the lower frequency of intracranial haematomas, and the
included and considered to underpin system €tliciency. | plasticity of the developing brain (Lennenberg, 1967). Oth-
. Studies of ad_ult TBI suggest that, Wh.”(.a attentlopa! defi- rs propose poorer outcome due to the immaturity of the
.C'FS are severe in the acute stages postinjury, persisting deE’entral nervous system (CNS), in particular the frontal lobes
Icits are also common. yan Zomergn and I'3r0uwer' (1994}:1nd white matter, and the resultant impact on cognitive skills
desc_nbe gener_al disruption to g?tennc_)n_and information P'O%ssential for normal development including attention, mem-
cessing following adult TBI, citing clinical reports of for- ory, and adaptive skills (Anderson & Moore, 1995; Dennis
getfulness, poor ability to concentrate, and slowed responsefgég_ Dennis et al., 1995: Ewing-Cobbs et ,al 19é9_ Gron’-
Others argue that deficits are more specific, reporting defy | e’t al., 1997). V’Ve do I’<now that, despite vérious’patho—

logic processes, some recovery of function is evident in

_ ?hildren, both biologically and functionally. Mechanisms
Reprint requests to: Cathy Catroppa, Department of Psychology, Roya

Children’s Hospital, Flemington Road, Parkville. Victoria 3052, Australia. of rgcqvery can be_grQUped |n.to FWO general classes—
E-mail: cathy.catroppa@mcri.edu.au and catroppc@tpg.com.au restitution and substitution. Restitution suggests that spon-
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taneous physiological recovery occurs as damaged braif and 9 years, at which point they reach adult levels. For
tissue heals, neural pathways are reactivated, and functiossistained attention, McKay et al. (1994) and others (Betts
are restored. Substitution theories refer to restoratian et al., under revision; Manly et al., 1999) document little
either system reorganization or compensation (Kolb & Gibbdevelopment between 7 and 11 years, but significant progress
1999; Laurence & Stein, 1978; Rothi & Horner, 1983).  from age 11 into early adulthood. Speed of processing
To date, the study of recovery following pediatric TBI increases gradually through childhood into early adoles-
has been focussed on cognitive outcome (Ewing-Cobbs et atence (Anderson et al., 2001; Kail, 1986). Such develop-
1989; Fay et al., 1993; Goldstein & Levin, 1985). Given mental differences may be relevant to the pattern of
findings from adult literature, and improved understandingattentional impairment seen post-TBI, with early estab-
of brain mechanisms involved in recovery, further investi-lished attentional skills (e.g., selective attention) more con-
gation of the sequelae of attentional and information pro-solidated and thus less vulnerable, and less-developed skills
cessing skills appears warranted. From a developmentalt greater risk of impairment.
perspective, these skills are of critical importance during The present study aimed to extend our knowledge of out-
childhood. If such abilities are impaired, the child is at risk come following childhood TBI by mapping the recovery of
of adaptive, social, and academic dysfunction (Cooley &components of attention (sustained, selective, shift, and speed
Morris, 1990; Dennis et al., 1995). of processing) in the 2 years post-TBIl. We investigated
Despite the importance of attention in this younger agevhether attentional deficits post-TBI were generalized or
group, few studies have been reported, and results are incogpecific to aspects of attention during the 24 months post-
sistent. Kaufmann et al. (1993) examined 36 children, agethjury. It was predicted that more severe TBI would be
7-16 years, at 6 months post-TBI and found that childrerassociated with greater attention and information process-
with severe TBI demonstrated poorer attention, in comparing deficits, and that while some recovery would occur over
ison to those with mild and moderate TBI. Similarly, otherstime, attention deficits would persist up to 24 months post-
have reported that TBI participants are less accurate thahBI. Further, based on the available developmental data
controls on sustained attention tasks, and exhibit signifi{e.g., Manly et al., 1999; McKay et al., 1994; Rebok et al.,
cant vigilance decrements (Catroppa & Anderson, 20031997) and the proposition that CNS insult during child-
Robin et al., 1999). Also, when using a sustained attentiomood, and before the mastery of a skill, will cause deficits
task of graded difficulty, the more complex tasks requiringin that domain, it was predicted that sustained attention and
speed, accuracy, and decision-making differentiate betweespeed of processing would be characterized by ongoing
the mild and severe TBI groups (Catroppa & Anderson,mpairment with time since injury, while early maturing
2003). Anderson and Pentland (1998) employed a task thakills of selective and shifting attention would be less vul-
divided performance into sequential blocks to study perfornerable and show greater recovery.
mance fall-off with time. They identified impaired speed of
processing, with intact sustained attention. Timmermans an ETHOD
Christensen (1991) investigated 38 children with TBI, age
5-16 years, and showed evidence for impaired sustainelg
attention, but intact selective attention skills. In contrast,
Dennis and associates (1995) have reported that childreBetween June 1994 and August 1997, 167 children between
and adolescents with TBI perform poorly in both these attenthe ages of 8—12 years were admitted to the Royal Children’s
tional domains. Hospital, Melbourne, with a diagnosis of TBI. Of these,
Each of these studies, while identifying aspects of atten103 children met the inclusion criteria for the study and
tional impairment, has not considered the development trawere approached to participate. Twenty-seven families (26%)
jectories of attentional skills. Previous research (Manly et al.declined to participate and 76 (74%) elected to take part.
1999; McKay et al., 1994; Rebok et al., 1997) has showrFive children were removed from the sample due to miss-
that selective attention matures to adult levels before age Thg data, leaving a sample of 71 children (see Table 1 for
In contrast, shifting attention skills develop rapidly betweenthe number of participants completing each test at each

articipants

Table 1. Number of participants at each time point

Acute 6 months 12 months 24 months

Sustained attention: CPM,(%) 67 (94) 68 (96) 69 (97) —

Selective attention: LCTh (%) 67 (94) 68 (96) 70 (99) 69 (97)
Selective attention: Trails Ay (%) 68 (96) 70 (99) 70 (99) 69 (97)
Shifting attention: Trails Bn (%) 67 (94) 70 (99) 70 (99) 68 (96)
Shifting attention: CNTn (%) 66 (93) 68 (96) 68 (96) 68 (96)

CPT= Continuous Performance Task; LGT Letter Cancellation Test; CNF Contingency Naming
Test.
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time point). Of these children 54 were male and 17 werenumber of fractures. Severe TBI was mainly due to motor-
female. Inclusion criteria were (1) aged between 8.0-12.1¥ehicle accidents. Of the children presenting with neurolog-
years at time of injury; (2) documented evidence of closedcal signs in the moderate and severe TBI groups, two
head injury, including period of altered conscious state; (3children had mild left hemiparesis, three children had right-
medical records sufficiently detailed to determine severitysided weakness, one child was restricted to a wheel-chair
of injury, that is, including Glasgow Coma Scale (GCS: and had poor motor control, two children experienced sei-
Teasdale & Jennett, 1974) Posttraumatic amnesia (PTAJures postinjury, and four children presented with hearing

recorded at regular intervals in the patient’s medical recordoss.

by the nursing staff, and defined as the length of time from
accident until orientation to person, time and place), neuro-

logical and radiological findings; and (4) competent in Méasures

English. Exclusion criteria were history of neurological dis-
order, previous TBI, preinjury developmental, learning or
attentional disability (including Attention Deficit Hyper-
activity Disorder), as documented by a professional health ™
worker.

Children with TBI were categorized into severity groups
as follows: (1) mild TBI f= 25): GCS on admission 13-15,
loss of consciousness (LOG) 1 hour, PTA< 24 hours, no
abnormalities on computed tomograghyagnetic reso-
nance imaging (C/MRI) scan; (2) moderate TBIn(= 30):

GCS on admission 9-12, LOC 1-24 hours, PTA 1-7 daysB.
and/or abnormalities on GIMRI; (3) severe TBI i = 16):

GCS on admissior=8, LOC > 24 hours, PTA> 7 days;
and/or abnormalities on GMRI. Implementation of these
classifications successfully categorized the majority of chil-
dren, however, where categorization was not clear, furthe
information from the child’s medical file (e.g., presence of
neurological signs) was taken into account.

As illustrated in Tables 2 and 3, the groups did not differ
with respect to gender, socio-economic status (SES), or fam-
ily constellation. A significant difference was evident across
the groups for age at injury, with the severe TBI group
being somewhat oldef:(2,68) = 3.20,p = .047. Time
interval from injury to first assessment did not differ across
groups,F(2,70)= .62, p = .059, although the severe TBI
group recorded the longest delay, reflecting longer duration
of coma and PTA. As expected, there were significant grou.
differences on all medical variables, with the severe TBI
group presenting with most complications, apart from the

Table 2. Demographic information

Preinjury and postinjury questionnaires

Epidemiological questionnairedocumented parental
occupations and educational level, family constella-
tion, and medical and developmental history of the
child. SES was recorded according to Daniel's Scale
of Occupational Prestige (Daniel, 1983), where a low
score reflected high occupational prestige. The scale
ranges from 1.0 to 6.9.

Medical questionnaireThis questionnaire was based
on data recorded in the child’s medical record, includ-
ing GCS scores, period of unconsciousness, duration
of PTA, neurosurgical interventions, neurological signs,
and radiological results.

Vineland Adaptive Behavior ScaléVABS: Sparrow

et al., 1984): a questionnaire completed by parents, on
recruitment to the study, based on their child’s pre-
injury abilities. The VABS was readministered at 6,
12, and 24 months postinjury to document changes to
adaptive function. It provides a global measure of adap-
tive functioning, as well as scores for the domains of
Communication, Daily Living, Social Skills, and Motor
Skills. Each domain is standardized, with a mean of
100 and a standard deviation of 15.

Rowe Behavioural Rating Inventor¢RBRI: Rowe &
Rowe, 1995): This questionnaire was completed by
teachers (16 items) and parents (20 item) acutely (pre-

Mild TBI Moderate TBI Severe TBI
Number of subjects 25 30 16
Gender (Number of males) 19 23 12
Mean ageM (SD)* 2 105 (1.3) 10.1 (1.3) 11.1 (1.5)
Socio-economic statusivl (SD) 4.1 (0.9) 4.4 (0.9) 4.7 (1.1)
Number of intact families 21 24 12
VABS-preinjury,M (SD) 106.3 (15.2) 103.9 (15.9)  102.4 (11.8)
RBRI-P preinjuryM (SD) 10.3 (4.5) 10.2 (4.2) 8.2 (2.5
RBRI-T preinjury,M (SD) 10.8 (.4) 12.1 (4.7) 11.2 (5.3)
*p < .05.
# Daniel, 1993.

asignificant difference between moderate and severe TBI groups.

RBRI-P = Rowe Behavioural Rating Inventory—Parent version; RBRi—Rowe Behavioural
Rating Inventory—Teacher version; VABSVineland Adaptive Behavior Scale.
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Table 3. Injury and medical characteristics

Mild TBI Moderate TBI Severe TBI
(n=25) (n=30) (n=16)
Cause of injury:
Passengen (%) 1 (4) 4 (13) 3 (19
Pedestriann (%) 3 (12 5 (17) 11 (69)
Falls,n (%) 18 (72) 13  (43) 2 (12
Blows, n (%) 3 (12 8 (27) 0 0)
Medical characteristics
Abnormal CT,n (%) 0 (0) 28 (93) 16 (100)
Coma (1 hour),n (%) 0 0) 9 (30) 15  (94)
Skull Fracturen (%) 6 (24) 16 (53) 11 (69)
Diffuse/multi-focal injury, n (%) 0 0) 4 (13) 9 (56)
Neurological signsn (%) 0 (0) 8 (27) 10 (63)
Surgical interventionn (%) 0 (0) 16 (53) 13 (81)
GCS on admissioriyl (SD)®P 14.2 (1.1) 12.0 (3.0) 6.2 (2.5)
PTA (>1 day),n (%) 0 (0) 9 (30) 11 (69)

ap < .01.
bSignificant difference all TBI groups.

injury characteristics) and at 6, 12, and 24 months poststimuli were presented. Children were given practice to
injury, and included the domains of Sociability, ensure they understood task requirements. Two letters flashed
Attention, and Restlessness. For the purpose of thisn the screen and the child was given a target letter (“c”) on
manuscript, only the Attention domain was analyzed.which to focus. The child was given a response box where
Examples of the items include—"persistent, sustainedhe yellow “yes” button was to be pressed if a “c” had
attention span,” and “can concentrate on any particuflashed on the screen, and the blue “no” button if neither
lar task.” Raw scores were included in the analyses|etter was a “c”. Scores employed in the analyses were cor-
with a higher score indicative of poorer performance.rect responses, reaction time for correct responses, number
of omission and commission errors, missed responses, and

E. Neurobehavioural Rating ScaléNRS: Levin et al., . . .
" viour ng ¢ V! impulsive responses (reaction tirme200 ms). For each of

1987): This questionnaire was completed by parents . . )
12 months postinjury, and the attention domain wa:t e variables, scores for the first 5 min (Block 1) and last

employed in the analyses. Raw scores were calculateé, min (Block 4) of the tas_k were ob_talned to ESta.b“Sh
whether performance deteriorated during the task. This ver-

with & higher score indicative of poorer performance.sion of the CPT was administered during the acute, 6, and

12 months post-TBlassessments.

Selective attention(a) Letter Cancellation Test (LCT;
Talland, 1965). Children were presented with a sheet dis-
playing rows of letters and instructed to cross out all “C”s
. : and “E”s as quickly as possible. The number of letters cor-

1991) asses.sed general intelligence. Full Scale Intelr—ectly cancelled in 1 min was recorded: and (b) Trail Mak-
lectual Quotle_nt_ (FSlQ) and Index Scoreg—Freedomng Test—Part A (Trails A; Reitan & Davison, 1974): children
from Dlstractlblllty (FFD) and Processing Speed were asked to join a series of humbers in order. Time to
(PS)—were used in the analyse's.'AII scores have %ompletion was recorded and employed in analyses.
mean of 100 and a standard deviation of 15. Shift: (a) Trail Making Test—Part B (Trails B; Reitan &

B. Attentional measure§$everal components of attention Davison, 1974). Children were asked to join consecutive
were investigated at acute (0—3 months), 6, 12, and 24lternating letters and numbers, requiring a shift from one
months post-TBI: sequence to another. Time to completion was recorded; and

(b) Contingency Naming Test (CNT; Taylor et al., 1992).

Sustained attentioniThe Continuous Performance Task This task has four conditions, each one increasing in diffi-
(CPT; modified from Mirsky et al., 1991) was used to exam-culty level. Children were presented with a stimulus sheet
ine the ability to maintain performance over time and speedlisplaying circles, squares, and triangles of different colors,
of processing. In this computerized task, stimulus lettersvith each stimulus including a color dimension and an inter-
were displayed for 500 ms with an interstimulus interval ofnal and external shape. Condition 1 required children to
1.5 s. Task duration was 20 minutes, during which time 60thame the color of each shape, and Condition 2 the name of

Child assessment

A. Intellectual measureThe Wechsler Intelligence Scale
For Children—Third Edition (WISC-IIl: Wechsler,
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the external shape. Condition 3 involved implementation oRESULTS

two rules: (1) if the internal and external shapes are the

same, state the color; (2) if the internal and external shapeBemographic, Preinjury, and Medical

are different, state the external shape. Condition 4 becomggformation

more complex as some shapes have an arrow above them, L ) ]
and for these shapes the rule learned in Condition 3 ié\nalysis indicated no group differences on demographic
reversed, while for all other stimuli the correct response is/ariables, or on preinjury adaptive or attentional measures,
as for Condition 3. For each condition a practice trial isSU99esting that any differences between the groups could
administered to ensure that task is understood. Once tH°t be explained in terms of these variables (see Tables 2
practice trial was completed correctly (maximum of five and 3).

practice trials), the test condition is administered. The Con-

dition 4 results (time taken for task completion, number of|nte|lectual Performance and Adaptive

errors) were used in analyses. Functioning Measures

Table 4 provides results for the intellectual and adaptive
Procedure measures both at the acute stage and at 1 and 2 years post-

injury. Repeated-measures ANOVA revealed a significant

Parents of children who met selection criteria were invitedGrou'0 effect for FSIQF (2,65)= 6.1, p = .004.Post-hoc

to participate in the study. The study was introduced and, 5y ses indicated a significant difference between the mild
explained in detail and written consent was obtained, accordénd severe TBI groupsp(< .001) and the moderate and
ing to hospital ethif:s guidelines._ Once thg family had givenggere TBI groupsi = .012) during the acute stage post-
consent for participation, appointment times were schedtpg| The difference between mild and severe groups per-
uled and the epidemiological questionnaire and the VABS;isted at 1 and 2 years postinjurp & .006, p = .035
(Sparrow et al., 1984) were completed, based on the child'syg e ctively). Analysis also revealed a significant main effect
preinjury status. During the acute stage (0—3 months posts; Time, F (2,130)= 18.0,p < .001 and a significant Time
injury) the total test battery was administered. The VABSGroup effectfF (4,130)= 7.4, p < .001. While the severe

and the attentional measures were then repeated at 6, 1, group achieved the lowest scores, they improved most

and 24 months postinjury, and the WISC-III at 12 and 24, et time suggesting that developmental gaing/ancecov-

months post-TBI. All assessments were conducted by a psysyy occurred over the time span of the study. There was no
chologist and took place over two 1-hr sessions. Order of

test administration was fixed, with WISC-III completed in
one session and attentional measures in the second sessiﬁzn. . .
able 4. Cognitive and adaptive measures

.. . Mild TBI Moderate TBI Severe TBI
Statistical Analysis

F|Q** JtAn,ab,cde
The three groups (mild, moderate, severe TBI) were com- Acute,M (SE) 102.4 (2.6) 94.3 (2.3) 82.1(3.4)
pared on injury and demographic characteristics and on pre- 12 monthsM (SE) 103.7 (2.4)  955(2.2)  91.6(3.2)
injury VABS to identify any differences that could influence ~ 24 monthsM (SE) 103.2(2.8)  96.2(2.5)  94.0(3.6)
postinjury performance. One-way analysis of variancergp
(ANOVA) was conducted to compare scores on cognitive Acute, M (SE) 104.6 (2.8) 93.3 (2.5) 92.1 (3.8)
measures across groups during the acute stage. Tukey’s12 monthsM (SE) 102.0 (2.4) 95.5(2.1) 97.5(3.2)
(HSD) statistic was used to ascertain specific group differ- 24 monthsM (SE) 102.8 (2.8) 96.5 (2.5) 99.8 (3.9)
ences. Repeated-measures ANCOVA (Groupime, age  pg+##abde
at injury as a covariate) was conducted to determine asso- Acute,M (SE) 102.3 (2.7) 96.1 (2.4) 86.7 (3.8)
ciations between injury severity and test performance at 12 monthsM (SE) 107.8 (2.4) 101.3 (2.1) 94.3 (3.4)
acute, 6, 12, and 24 months postinjury on tests of selec- 24 monthsM (SE) 105.8 (2.8)  100.8 (2.5) 96.3 (3.9)
tive and shifting attention. Repeated-measures ANCOVA ) gg##na
(Groupx Time X Block) was employed to investigate the Pre-injury,M (SE) 104.4 (3.2) 102.7 (2.9) 100.2 (4.7)
association between test performance and injury severity 12 monthsM (SE) 104.8 (3.1)  101.4 (2.8) 91.1 (4.6)
on the sustained attention task, where performances in the 24 monthsM (SE) 102.3 (3.5) 96.7 (3.1) 82.5 (5.1)
first 5 min and last 5 min of the task were compared. Planned
contrasts were utilized to ascertain specific group differ-Main effect of Group *p < .01; Main effect of Timep < .01; Groupx
. Time interaction p < .05; Mp < .01.

ences on the repeated-measures variables. For some meﬁ'gnificantdifference between mild and severe TBI groups at acute stage.
sures, score distributions were unacceptably skewed. In sucBignificant difference between moderate and severe TBI groups at acute
instances, the child was assigned a score of two standalf&‘g‘?-, _ _

L. . . Significant difference between mild and moderate TBI groups at 12 months.
deviations below the mean for their group for the variable

. . dSignificant difference between mild and severe TBI groups at 12 months.
concerned (Tabachnick & Fidell, 1989). eSignificant difference between mild and severe TBI groups at 24 months.
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significant difference between the TBI groups with regardthe 24-month periodPost-hocanalysis indicated differ-
to the FFD Index Score, which taps auditory processingences between mild and severe TBI groups gb 6(022),
and working memory. However, visual examination of the12 (p = .023), and 24 p = .018) months post-TBI, and a
data suggests greatestimprovement in this area for the sevesignificant difference between the mild and moderate groups
TBI group. When examining the Processing Speed Index, at 24 months p = .045) postinjury (see Figure 1). These
dose—response relationship was evident. Analysis reveala@sults indicate a dose—response relationship, where the
significant main effects of Groug;(2,63)= 5.4,p = .007  severe TBI group is showing less adaptive behavior in com-
and Time,F(2,126)= 12.2,p < .001, withpost-hocanaly-  parison to the mild and moderate TBI groups.
sis identifying differences between the mild and severe TBI
group (p = .001) and the moderate and severe TBI grouptegcher version
(p = .033) at the acute stage and between the mild and
severe TBI groupsg{ = .001) at 12 months postinjury, and Teachers’responses differed somewhat from parents’ results,
again at 24 months post-TBIp(= .021). While the severe with the Attentive domain showing a significant Time effect,
TBI group showed most improvement over time, sugges¥(3,156)= 3.8, p = .011. All TBI groups were rated as
tive of developmental gains, apar the possibility of prac- becoming more inattentive over time (Mild TBI group
tice effect, there was no differential improvement for theincreased by 1.5 points from acute to 24 months post-TBI,
severe TBI in this instance. moderate TBI group by 2.3 points, and the severe TBI group
For the VABS, analysis revealed a significant effect forby 3.7 points). In general, visual inspection indicated that
Time, F(2,112)= 11.1,p < .001) and a significant inter- teachers rated children with moderate TBI children as most
action effectF(4,112)= 2.6,p = .042, with a trend for the inattentive (see Figure 2).
mild TBI group to perform similarly at preinjury and post-  Analysis of the NRS Attention domain, completed by
TBI stages, suggesting little impact of injury on this mea-parents at 12 months, revealed a significant difference
sure for this mild end of the spectrum. The moderate TBIbetween the TBI groupgy?(10) = 27.70,p = .002. When
group showed some decline over the 2 years of the studparents were asked to indicate whether an attentional prob-
(mean= 5 points), with the severe TBI group showing most lem was evident and then required to rate it ranging from
deterioration (mears 17.7 points), indicating that parents not present to severe, results differed according to severity
of these children were reporting a lack of expected devel{mild TBI: 5% moderate—severe difficulty; moderate TBI:
opment in a number of adaptive functioning areas. 15% moderate—severe difficulty, and severe TBI: 43%
moderate—severe difficulty). These results again support a
dose—response relationship between injury severity and atten-
Behavioral Questionnaires (RBRI) tional difficulties 1-year postinjury.

Parent version

With regard to the Attention domain, results indicated sig-Attention Measures
nificant main effects of Groupk(2,55)= 3.8, p = .029,
and a significant Groupx Time interaction effect,
F(6,165)= 7.0,p < .001. The severe TBI group showed a The CPT was analyzed in terms of Groxplime X Block

marked increase in attention problems between acute and(8ee Figures 3—8) to examine possible reductions in perfor-
months assessments, and remained most inattentive overance over time. For mean number of correct responses,

Sustained attention

Attentive/Inattentive
(Parent version)

---a-- Mild TBI
---Mod TBI
—s— Severe TBI

Mean Maladaptive score

6 T T T 1

Pre-injury 6 months 12 months 24 months Fig. 1. Rowe Behavioural Rating Inventory—

Parent Version: Attention Domain acute to
Time 24 months post-TBI.
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Attentive/Inattentive
(Teacher version)

2 16 T

S 15 1

2 149

£ 13 ~a- Mild TBI
§ 12 - - Mod TBI
E 11 A —=— Severe TBI
= 10 -

399

8 T T T 1

Fig. 2. Rowe Behavioural Rating Inventory—
Teacher Version: Attention Domain acute to
Time 24 months post-TBI.

Pre-injury 6 months 12 months 24 months

the main effects of Group;(2,61)= 10.6,p < .001, Time, erate group improved to a degree where it was not signifi-
F(2,122)= 11.1,p < .001, GroupX Time interaction, cantly different to the mild group by 12 months post-TBI.
F(4,122)=2.8,p=.029, Block,F(1,61)= 15.4,p<.001, Thus, as predicted, results suggest greater deficits in sus-
and GroupXx Block interaction,F(2,61)= 6.5,p = .003, tained attention associated with severe TBI up to 12 months
were each significant. The severe TBI group achieved fewepost-TBI.

correct responses in comparison to the mild and moderate Mean reaction time scores for the CPT showed no signif-
TBI groups, however, all the groups showed improvemenicant Group,F(2,56) = .6, p = .572, or Time effect,
over time. The severe TBI group also showed the largesF(2,112)= 2.2,p = .114. However, there was a significant
discrepancy between Blocks 1 and 4, with significantly fewerGroupX Time Interactionf(4,112)= 3.2,p = .015, and a
correct responses made in Block 4, in comparison to milasignificant Block effectf(1,56)= 4.2,p = .044. All TBI

and moderate TBI groups. Planned contrasts revealed thajroups responded more quickly in Block 4, with more errors
while there was a significant effect of Block, differencesrecorded by the severe TBI group, suggesting difficulty
were between mild and severe (acuyie< .001; 6 months:  working quickly and providing correct responses in com-
p <.001), and mild and moderate (acyte: .003; 6 months: parison to mild and moderate TBI groups (see Figure 4).

p = .009) groups at acute and 6 months post-TBI, with For missed responses (see Figure 5), a number of signif-
significant differences also present between the mild andcant results emerged. There were significant main effects
severe TBI groups at 12 months postinjurg € .010).  for Group, F(2,61) = 9.8, p < .001, Time,F(2,122) =
These results suggest that while the moderate TBI grouft3.6,p < .001 and BlockF(1,61)= 19.8,p < .001. Also
performed more poorly than the mild TBI group, the mod- significant were interactions for GroupTime,F(4,122)=
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0-3 6 12 Fig. 4. CPT mean reaction time acute to 12
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6.8,p < .001, GroupX Block, F(2,61)= 10.3,p < .001  to make less errors of omission, perhaps due to the fact that
and Groupx Time X Block, F(4,122)=5.9,p < .001. All  they had more missed responses toward the end of the task
TBI groups missed more responses in Block 4, with somdsee Figure 6). Tukey's (HSD) statistic indicated a signifi-
improvement from acute to 6—12 months postinjury. Thecant difference between the mild and sevgre=(.038) and
severe TBI group recorded most missed responses in Block#hoderate and severe TBI groups € .031) acutely, and a
at each time point, again suggesting difficulties sustainingsignificant difference between the mild and severe TBI
attention. Planned contrasts revealed differences for Blocgroups at 12 months postinjury, for Block 4 of the CPT task
4 between the mild and severe (acyies< .001; 6 months; (p = .003).
p=.002; 12 monthgp = .002) and the moderate and severe Errors of commission revealed significant Group,
TBI groups (acutep = .001; 6monthsp =.030; 12 months: F(2,61)= 8.1,p=.001, and Time effect$;(2,122)= 3.4,
p = .021) at all time points. p = .036. Interaction effects were evident for Titkd3lock,

For omission errors, significant main effects were detectedr(2,122) = 5.0, p = .008 and Groupx Time X Block,
for Group,F(2,61)= 7.5,p = .001 and TimeF(2,122)= F(4,122)= 5.0,p = .001. Mild and moderate TBI groups
8.8,p < .001. Significant interaction effects were also evi- tended to make similar or fewer commission errors over
dent for Groupx Time, F(4,122)= 3.0, p = .022 and time, with similar results for Blocks 1 and 4. The severe
Group X Block, F(2,61)= 4.4,p = .016. By 12 months TBI group also made similar numbers of errors over time,
postinjury, a dose—response pattern was evident where thmit showed a sharper decline at the acute and 6-month stages,
mild TBI group made least errors and the severe TBI groupwith less errors in Block 4, again possibly a reflection of
most errors, however, over time the severe TBI group tendethe higher number of missed responses for this group. How-
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ever, at the 12-month stage, the severe TBI group mad8elective attention
more errors of commission in Block 4 compared with Block 1
(see Figure 7)Post-hocanalysis indicated a significant For the LCT, there was a significant main effect for Group,
difference between mild and sevenqg< .002) and moder- F(2,61)=4.1,p = .020 indicating that the mild TBI group
ate and severe TBI groupg (= .003) in Block 1 at the found more targets in the specified time than the other groups.
6-month stage, and a significant difference between the mil&ignificant differences were present between mild and severe
and severe TBI group for Block 4 at 12 months post-TBITBI groups at 6 p = .010) and 12 p = .035) months
(p=.007). postinjury. For Trails A, significant effects were found for
As seen in Figure 8, for the number of impulsive errors,Group,F(2,62)= 7.8,p = .001, Time,F(3,186)=4.8,p =
significant main effects for Grouy;(2,61)=4.2,p=.020, .003, and Grou Time,F(6,186)= 3.0,p = .007, with the
and Block,F(1,61) = 4.5, p = .037, showed that severe severe TBI group taking longer to complete the task, but
TBIl was related to more errors at each evaluation. All groupsalso showing greatest gain (recovery) over time. The mild
particularly the severe TBI group, made more errors inTBI group did not record any gains, supporting an interpre-
Block 4.Post-hocevaluation indicated differences betweentation that improvements associated with severe TBI are
the mild and severe TBI groups, at the acyte<(.030) and  due to recovery rather than practice effects. To further sup-

6-month stagesg = .009) for Block 4. port this interpretatiorpost-hocanalysis indicated a differ-
Commissions
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ences between mild and severe TBI groups at acpte( severe TBI group, those with mild injuries achieved fewer
.001), 6 (p = .002), and 12 p = .008) months, but not 24 errors at each time point in comparison to moderate and
months, and a significant difference between the moderatsevere TBI groups?ost-hocanalysis indicated a difference
and severe TBI groupsp(= .002) during the acute stage between mild and severe TBI groups at the acpte (007)
(see Table 5). and 24 months§ = .044).

Shifting attention Parent/Teacher Report and Performance

For Trails B (see Table 5), analysis detected a significanon Clinical Tests of Attention

main effect for Time,F(3,186)= 5.3, p = .002, but no . hical . vsi bl indi dth
Group effect, E(2,62) = 2.9, p = .060, or interaction, Hierarchical regression analysis (see Table 6) indicated that

F(6,186)= 1.6,p = .159. The severe TBI group was slow- parental report of attention at 2 years post-TBI is a signif-
est 1o compie{e the task at all time points: however qicant predictor of performance on clinical attention tasks in

groups showed improvement over time, suggesting somg‘e areas of sustained, selective, and shifting attention. Con-
practice effect across all groups. Some recovery for thé/ersely, teacher report of attention was not a significant

moderate and severe groups was also suggested, with thEedictor.

discrepancy between initial and 24-month results (moder-

ate= 23.1 points; severe: 23.8 points) much larger than pISCUSSION

for the mild TBI group (mild= 10.8 points). There were

main effects of GroupE(2,60)= 6.1,p = .004, and Time, These results provide support for the presence of persisting
F(3,180)= 5.4, p = .001, on the CNT, Condition 4 (see attentional difficulties following TBI sustained during child-
Table 5). All groups exhibited a trend to quicker completionhood. As all TBI groups were functioning similarly prior to
times at 24-month evaluation, with the mild TBI group per- the TBI, any postinjury differences are likely to be attrib-
forming the quickest and the severe TBI group the slowestuted to injury-related factors rather than premorbid status.
While results also suggest some practice effect, once again

the severe TBI group showed the largest discrepancy betwe ; i

acute and 24 months (severe TBI48.7 points; moderate Thtellectual and Adaptive Abilities

TBI = 33.4 points; mild TBI= 32.2 points), representing As expected, FSIQ results, representing overall level of cog-
greatest recoveryPost-hocanalysis indicated differences nitive functioning, indicated that children with severe TBI
between mild and severe TBI groups at the acyte<{  were most compromised postinjury. While all TBI groups
.019), 12(p < .001), and 24 p = .008) month stages post- demonstrated an improvement over time, the increment for
TBI. While the severe TBI group showed most improve-the mild and moderate TBI groups was modest in contrast
ment, performances remained below the level of the mildo that recorded by the severe TBI group. Therefore, in
TBI group. A significant difference was detected betweenkeeping with previous research (Chadwick et al., 1981a,
mild and moderate TBI groups 1 year postinjup/ .019).  1981b, 1981c; Jaffe et al., 1992, 1993, 1995), this study
For number of errors, a significant Group effect was evi-provides firm evidence that severe TBI is associated with
dent,F(2,61)= 8.1, p = .001. While all groups showed impairments of intellectual function, and that there is a pat-
improvement over the 24 months postinjury, especially thdern of recovery of these skills for children with severe TBI.
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Table 5. Selective attention and shift

Mild TBI  Moderate TBI  Severe TBI

Selective attention
(i) Letter Cancellation Test
Number correct®®

Acute,M (SE) 36.3(1.3) 34.7(1.2) 30.7 (1.9)
6 monthsM (SE) 39.7(1.3)  35.8(1.2) 32.0 (1.9)
12 monthsM (SE) 40.1 (1.3) 37.6 (1.2) 34.6 (1.9)
24 monthsM (SE) 44.0(1.7)  41.3(1.6) 39.9 (2.4)
(ii) Trails A
Completion time**##An.ab.c.e
Acute,M (SE) 17.2 (2.0) 20.3(1.9) 30.1 (2.8)
6 months M (SE) 15.6 (1.3)  18.3(1.2) 23.3 (1.8)
12 monthsM (SE) 13.9(1.0)  16.0(1.0) 18.3 (1.4)
24 monthsM (SE) 13.4 (1.0) 15.2 (0.9) 15.8 (1.3)
Shift
(i) Trails B:
Completion timé#
Acute,M (SE) 43.1(5.1)  57.6(4.8) 60.7 (7.0)
6 months M (SE) 37.3(3.6)  44.6(3.4) 51.6 (4.9)
12 monthsM (SE) 35.7(2.4)  39.6(2.2) 37.9 (3.2)
24 monthsM (SE) 32.3(3.1)  34.5(2.9) 36.9 (4.2)
(i) CNT:
Completion time**##b.d.e
Acute,M (SE) 82.0(59) 90.6(5.5) 1105 (9.1)
6 monthsM (SE) 67.7 (5.0) 76.2 (4.6) 85.3 (7.8)
12 monthsM (SE) 53.2(2.9)  64.6(2.7) 70.6 (4.5)
24 monthsM (SE) 49.8(2.7)  57.2(2.5) 61.8 (4.2)
Number of errors*#.d
Acute,M (SE) 2.3(0.91)  3.9(0.85) 8.0 (1.35)
6 months M (SE) 1.1(0.71)  3.0(0.66) 4.25 (1.05)
12 monthsM (SE) 1.0(0.47) 1.7 (0.44) 2.74 (0.70)
24 monthsM (SE) 1.0 (0.37) 1.4 (0.34) 2.9 (0.54)

Main effect of Group p < .05; **p < .01; Main effect of Time*p < .01; Groupx Time
interaction Mp < .01.

aSignificant difference between mild and severe TBI groups at 6 months.
bSignificant difference between mild and severe TBI groups at the acute stage.
¢Significant difference between moderate and severe TBI groups at the acute stage.
dSignificant difference between mild and severe TBI groups at 24 months.
eSignificant difference between mild and severe TBI groups at 12 months.

Table 6. Behavioral predictor of attentional outcome In keeping with these findings, the PS Index exhibited an ini-
tial dose—-response effect, with all groups showing some
improvement over time. There was, however, no differential
Predictor Sustained Selective Shifting improvement for the severe TBI in this instance, supporting
the findings of Donders and Warschausky (1997) who reported
that PS Index was impaired following childhood TBI. Subtle

Outcome measures

RBRI-Parent T4

r2 0.14 0.18 0.09 . e .
Sig. 0.008 0.001 0.049 coordination difficulties observed post-TBI (Catroppaetal.,
1999) may explain the poorer recovery of these processing
RBRI = Rowe Behavioral rating Inventory; T4 2 years post-TBI. skills. In contrast, results for the FFD factor showed no sig-

Sustained attention Continuous Performance Task, number correct Block pificant injury-related trends. There is a need for further
4 at 12 month post-TBI. . .
Selective attentior: Trails A time taken. follow-up of this group once these skills are fully developed,

Shifting attention= Contingency Naming Test, time taken trial 4. as subtle difficulty at an early age may be predictive of
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persistent compromise on tasks requiring higher order skillRBRI and NRS, report attentional difficulties to be increas-
in the adolesceriadult years, consistent with deficits in ing from preinjury levels for the severe TBI group. Consis-
executive function post-TBI (Levin et al., 1997). tent with other findings, these results suggest a dose—
Adaptive functioning results from the VABS suggestedresponse with more severely injured children presenting
similar skills across groups preinjury, with the mild TBI with more maladaptive behavior.
group performing similarly pre-TBI and post-TBI. In con-
trast, moderate ar_1d severe TBI groups performed MOrQ antional Measures
poorly post-TBI, with the severe TBI group showing most
“deterioration”. These results suggest that, with regard tdresults on the attentional and information processing tasks
adaptive living skills, parents of children who sustained aindicated a consistent dose—response relationship. In con-
moderatgsevere TBI perceived that their child was not trast, recovery patterns varied depending on the specific
developing at an expected level in a number of adaptivattentional component being measured. This variability in
functioning areas. recovery may depend on the specific cerebral region
impacted by injury, and its level of maturity at the time of
injury. On measures of sustained attention, children with
severe TBI achieved fewest correct responses, had prob-
Results on the parent-based RBRI based also indicated lams maintaining attention and working efficiently over time,
dose—response relationship. Parental ratings indicated thahowed a gradual increase in errors with time on task, and
by 6 months postinjury, the degree of maladaptive behaviopresented with a vigilance decrement.
in the moderate and severe TBI group, but particularly the When considering mean reaction time for correct
severe TBI group, had increased from preinjury levels, andesponses, there were no significant main effects for Group
that this maladaptive behavior continued to the 24-monttor Time, consistent with much of our previous research.
period. These results argue that, following more severe TBIHowever, with regard to performance between Blocks 1
behavioral indices of attention may not recover, but mayand 4, the severe TBI group appeared to respond more
reflect ongoing impairment in this domain, which may inter- quickly over time. While this finding may be considered
fere with ongoing development. Interestingly, parentalunexpected based on adult and adolescent TBI data,
responses on the RBRI predicted performance on clinicaMaule et al. (2000) postulated that this finding may be
tests of attention, suggesting a relationship between obserexplained in terms of time pressure and high levels of
able attentional difficulties in everyday settings and thoseanxiety and energy, that is during lengthy and complex
measured by more standardized measures. Teachers rategks, children with severe TBI felt more anxious and pres-
the moderate TBI group as most behaviorally compro-sured, and so responded more impulsively. For missed
mised. A number of possible explanations for these findresponses, analysis revealed a number of significant results.
ings may be considered. First, the perception of acceptablé/hile a dose—-response result was evident, all TBI groups
behavior will differ between parents and teachers, biasingnissed more responses at the end of the task, with the
responses made to particular questions. Parents and teac®vere TBI group achieving the highest number of missed
ers may also differ in the behavior samples they observeresponses in the last 5 min at each time point. Such find-
For example, a child with severe TBI may be slow andings are consistent with a number of previous studies (Tim-
non-active in class, while at home, such behavior may benermans & Christensen, 1991; Kaufmann et al., 1993)
considered out of character and problematic for that childwhere children with TBI demonstrated significant difficul-
Second, children with severe TBI often receive individualties sustaining attention.
assistance within class and this may mask the level of mal- Analysis of omission and commission errors revealed a
adaptive behavior present in less supervised conditions. Fusimilar pattern, with best performance by the mild TBI group
ther, children with severe TBI and more obvious deficits,and poorest by the severe TBI group. Over 6—12 months
may have less expectations placed on them than those wittost-TBI, the severe TBI group tended to make less errors
less obvious impairments. However, of importance, bothof omission and commission, perhaps due to the fact that
parent and teacher responses indicated that behavioral dilhey had more missed responses toward the end of the task
ficulties are often present following moderate to severe TBlat each time point postinjury. As suggested eatrlier, it may
Finally, both teacher and parent reports indicated that behawe that long periods of time pressure may lead to fatigue,
ior did not improve with time since injury, especially for resulting in more errors over time (Maule et al., 2000). For
the moderate and severe TBI groups. impulsive errors, results revealed that the severe TBI group
With regard to the NRS, parents of children with severemade more errors at each evaluation, and more errors toward
TBI reported a high frequency of attentional difficulties at the end of the task. Some may suggest that impulsive errors
12 months postinjury. Conversely, only a small percentagenay in fact be ‘late’ responses (a slow response from the
of children who sustained a mild TBI were reported as havprevious stimuli), however, analysis of the data did not sup-
ing attentional difficulties. A minor limitation to be consid- port this interpretation.
ered when interpreting the NRS is that there is no preinjury For selective attention, results were in the expected direc-
score for comparison. However, both parental reports, théon, with significant differences between the severity groups.

Behavioral Function
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Results also support the possibility of information processnature of the task (e.g., visuo-motor tasks in comparison to
ing deficits, as the severe TBI group took longest to com-computerized reaction time tasks), task complexity, and speed
plete timed tasks, especially when visuo-motor speed antequirements affecting outcome. Results provide partial sup-
coordination were integral to the task. The severe TBI grougport for findings from the adult literature where deficits for
showed substantial improvement over time, suggestingpeed of processing are reported (Murray et al., 1992; Pon-
recovery over time rather than a general practice effect fosford & Kinsella, 1992). However, while adult TBI is thought
all TBI groups. These findings provide partial support forto cause a general disruption to attention and information
findings in the adult literature where reduced speed of inforprocessing (Van Zomeren & Brouwer, 1994), this current
mation processing has been implicated as a confounder atudy revealed that deficits seen following severe TBI are
tasks measuring attentional skills (Anderson & Pentlandnot generalized, with simple motor speed relatively intact
1998; Ponsford & Kinsella, 1992; Stuss et al., 1989). How-(inconsistent with Anderson & Fenwick, 1998; Anderson &
ever, our results suggest that these problems are specific Bentland, 1998), and visuo-motor processing more impaired,
visuo-motor performance with simple processing speed (i.esuggesting that speed of processing deficits may be more
reaction time) intact. evident for more complex and multidetermined tasks. In
For both simple and complex tasks of shifting attention,contrast to adult findings, evidence for impairments in sus-
results suggest both practice effect and recovery for modtained attention was also found in our child sample. These
erate and severe TBI groups. Again, results indicate slowedeficits were most evident following severe TBI, and may
performance for those who sustained greater injury, buteflect developmental characteristics of the group, that is,
with a steeper recovery over time. It is difficult to deter- that sustained attention is immature at the time of the injury
mine whether the poorer performance is one of shifting(McKay et al., 1994) and so more vulnerable and at a greater
attention, or whether there is an inability to shift attentionrisk following childhood TBI.
in conjunction with slowed visuo-motor processing. Such With respect to selective and shift measures, dose-related
an interpretation is consistent with Wood’s argument, whereleficits were identified, however, it is difficult to separate
he stated that head injury may limit attentional capacity. Itattentional effects from visuo-motor processing require-
can reduce the extent to which attention can be dividednents in these domains. Future research may be directed
across stimuli and so may affect one’s ability to “shift” towards more accurate delineation of these skills. The more
their mode of thinking, resulting in slower and even lesswidespread attentional difficulties seenin childhood TBI may
reliable processing of information (Wood, 1988). For tasksreflect the relatively immature state of the CNS at the time of
that involve verbal rather than visuo-motor responses, itnjury. Thus, attentional skills not developed (e.g., sustained
may be suggested that children who sustained a significarattention and processing speed) may be more vulnerable and
injury presented with an exacerbation of difficulties asless likely to develop normally and so cumulative deficits
shifting attention, working memory, and processing speednay also result after TBI in childhood (McKay et al., 1994).
all appeared compromised, not surprising, considering the With regard to behavioral measures, results from parent
diffuse nature of pathology often associated with TBI. Fur-and teacher reports generally indicated that moderate and
thermore, for tasks of high complexity, those with greatersevere TBI groups did not improve with time since injury,
injury presented with both slower performance and higheibut that in fact there was a higher frequency of maladaptive
error rate. However, it may be suggested that if the timecharacteristics that continued to 2 years post-TBI. It may be
pressure is removed, then errors may decrease. This pauggested that these behavioral indices have different recov-
tern was seen using an experimental CPT paradigm (Cagery profiles to standardized cognitive measures, and that
roppa & Anderson, 2003), where increasing the interstimulusuch maladaptive behavior may in fact impede optimal recov-
interval resulted in no significant differences between severery of other skills in the years following TBI.
ity groups. The ability of this study to comment on absolute impair-
ments for mild TBI is limited by the lack of a control group.
However, each TBI group became their own control as per-
formance was compared over time, and this was the main
Traumatic brain injury results in a number of changes tointerest of the study. The restricted age range of the partici-
brain tissue, depending on the type of damage incurred, angiants may also be seen as a limitation in the ability to gen-
once a lesion occurs, a number of degenerative events foéralize findings to other age groups; however, there are a
low, such as the shrinkage of axons and associated neurabmber of advantages in using a limited age range in pedi-
structures, and the consequent actions of glial cells in repaiatric samples. In particular, it allowed for the same test
ing the damage as much as possible. Despite these changbajtery to be administered to all participants at all stages of
some recovery of functiomia restitution andor substitu-  the study. Further, developmental issues are consistent across
tion mechanisms occurs, however, for more severe injuriethe group.
deficits often persist. Moderate and severe TBI during child- A further potential limitation of the study is the use of
hood results in specific attention and information processparental and teacher recall of preinjury measures in order to
ing deficits up to 24 months postinjury. Not all areas of establish preinjury functioning. Such an approach, while
attention are affected similarly, with factors including the somewhat controversial, provides an opportunity to docu-

Summary and Limitations
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ment preinjury abilities. While this may result in some biasedAnderson, V. & Moore, C. (1995). Age at injury as a predictor
response patterns from the parent during this traumatic time following pediatric head injury: A longitudinal perspectivzhild
(e.g., elevating the child’s ability), our data do not suggest Neuropsychologyl, 187-202
this, with score distributions on this measure being consis@Anderson, V. & Pentland, L. (1998). Residual attention deficits
tent with those described in the test manual, and overall fo"o""ingNCh”dhOOd Eelad i,”j“ng l?ptlaiﬁ?ﬁ?n; f°2r8°3“93?(i)r(‘)9 devel-
- - - opment.Neuropsychological Rehabilitatio, 283—-300.
group means.COHSIStent with those documented in Otheéetts, J., McKay, ?.,yMaruﬁ? P. &Anderson,?/. (In Revision). The
recent Australian samples.

E di include further foll f h development of sustained attention in children: The effect of
uture studies may include further follow-up of these age and task loadevelopmental Psychology

children to allow for the systematic monitoring of these andgqywer, w.H., Rothengatter, J.A., & Van Wolfelaar, P.C. (1988).
other emerging skills, for example, executive skills, as the  compensatory potential in elderly drivers. In J.A. Rothengatter
participants become adolescents and adults. Furthermore, & R.A. DeBruin (Eds.),Road user behavior: Theory and
future studies employing systematic MRI scan techniques dur- research(pp. 296—301). Van Gorcum, The Netherlands: Assen.
ing the acute period postinjury will ensure that brain pathol-Catroppa, C. & Anderson, V. (2003). Children’s attentional skills
ogy is better documented, particularly for the mild TBI group, two years post-TBI.Developmental Neuropsycholag#s,
enabling research to address the association between brain 359-373.

pathology and behavioral function more accurately. Catroppa, C., Anderson, V., & Stargatt, R. (1999). A prospective
analysis of the recovery of attention following pediatric head

injury. Journal of the International Neuropsychological Soci-
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